With the natural medicine exploring, the actinomycetes (actinobacteria) have gotten 18 more and more recognition. 815 soil samples were collected from six areas in the southwestern 19
INTRODUCTION 48
Actinomycetes (Actinobacteria) has been paid a great attention owing to their production of 49 various natural drugs and other bioactive metabolites including antibiotics, enzyme inhibitors and 50 enzymes, and has special ecological function such as fixation of air nitrogen and degradation of 51 difficult disaggrega-tire substance in the nature world for maintaining a balance of ecosystem. 52
Over 22,000 bioactive secondary metabolites (including antibiotics) were published in the 53 scientific and patent literature, and about 11000 of 22000 metabolites were produced by 54 actinomycetes by the end of 2002. About 150 antibiotics have being applied in human therapy and 55 agriculture now. In the 150 antibiotics, bacteria produced 10-20, actinomycetes produced 100-120, 56 and fungi produced 30-35 (Berdy 2005 
Isolation medium and method of actinomycetes 91
Plate dilution method was used for isolation of actinomycetes. Four media were used as following: 92 YIM 7 (HV medium) (Hayakawa and Nonomura 1987) ; YIM 171 [Improved Glycerol-asparagine 93 medium: Glycerol 10 g, asparagine 1 g, K 2 HPO 4 ·H 2 O 1 g, MgSO 4 ·7H 2 O 0.5 g, CaCO 3 0.3 g, 94
Vitamin mixture (Hayakawa and Nonomura 1987) 3.7 mg, trace salts (Shirling and Gottlieb 1966) 95 1 ml, potassium dichromate (K 2 Cr 2 O 7 ) 50mg, agar 15 g, distilled water 1000 ml, pH 7.7]; YIM 37 96 (Jiang and Xu 1997) (Improved Histidine-raffinose medium: Histidine 1 g, raffinose 10 g, 97 Na 2 HPO 4 0.5 g, KCl 1.7 g, CaCO 3 0.02 g, MgSO 4 ·4H 2 O 0.05 g, FeSO 4 ·7H 2 O 0.01 g; Vitamin 98 mixtures 3.7 mg, cycloheximide 50 mg, nystatin 50 mg, potassium dichromate 50 mg, agar 15 g, 99 distilled water 1000 ml, pH 7.2); YIM 212 (Jiang et al. 2006 ) (Mycose-proline medium: Mycose 5 100 g, proline 1 g, (NH 4 ) 2 SO 4 1 g, NaCl 1 g, CaCl 2 2 g, K 2 HPO 4 1 g, MgSO 4 ·7H 2 O 1 g, vitamin 101 mixtures 3.7 mg; potassium dichromate 50 mg, agar 15 g, distilled water 1000 ml, pH 7.2). 102 103
Characterization of actinomycetes 104
Cultivation of cell, extraction of DNA, PCR and sequencing of 16S rRNA gene and phylogenetic 105 analysis of 1998 actinomycete strains were carried out with the methods described in previously 106 paper (Jiang et al. 2008 ). The strains were characterized at a genus and species level. 107 108 Determination of antimicrobial activity 109 920 actinomycete strains were fermented in YIM 61 broth (Soybean meal 20 g, glucose 10 g, 110 peptone 4 g, K 2 HPO 4 1 g, MgSO 4 ·7H 2 O 0.5 g, NaCl 1 g, CaCO 3 2 g, distilled water 1000 ml, pH 111 7.8) on shaker at 28 ºC for 7 days. The fermented broth was used for determining whether 112 inhibition against four bacteria and 7 pathogenic fungi of crop. 113 114
Detection of synthetic gene cluster of four antibiotics 115
Extraction of DNA of 1036 strains was carried out by using the methods described by Xu 
Composition of actinomycetes in Wuling Cordillera (A Sampling area) 144
Wuling Cordillera is situated in a common boundary of Chongqing, Hubei, Hunan and Guizhou. 145
The cordillera is from east to west, area is about 100,000 km 2 , and the physiognomy belongs to 146 calcareous. Fanjing Mountain, one of two sampling spots is situated in the northeast of Guizhou, 147 and belongs to primeval subtropical every-green broadleaf forest. Altitude for sampling area is 148 1150 m to 2493 m. Zhangjiajie, another sampling spot, is a national park and primeval subtropical 149 every-green broadleaf forest in the northwest of Hunan. Altitude of sampling area is 350 m to 150 samples collected from Wuling Cordillera with four media. 432 of the 1113 strains were selected 153 for identification. A part of sequences (700 bp~1100 bp) of 16S rRNA gene of these strains were 154 determined. Phylogenetic trees were constructed based on the 16S rRNA gene sequences. The 155 results showed that the 432 strains belonged to 6 suborders, 8 families and 14 genera, 156
Streptomyces, Micromonospora, Dactylosporangium, Catellatospora, Sphaerosporangium, 157
Streptosporangum, Actinomadura, Nonomuraea, Nocardia, Rhodococcus, Arthrobacter, 158
Microbacterium, Mycobacterium and Pseudonocadia. 
Composition of actinomycetes in Huangjing (B area) 171
Huangjing is in Gulin, a common boundary of Sichuan, Guizhou Total 2442 strains of actinomycetes were isolated from 220 soil samples collected from E area. 253 436 strains were selected from the 2442 strains for identification. Sequences (700 bp~900 bp) of 254 16S rRNA gene of the 436 strains were analyzed. Phylogenetic tree was constructed based on the 255 sequences. The results indicate that total 7 suborders, 13 families and 20 genera at least were 256 isolated as pure culture. 23 strains belonged to Nocarioides and Actinopolymorpha of 257 Actinomadura. The results indicate that streptomycetes are still preponderant under low 290 temperature environments (Table 3) . 291 292 293 All of the 111 strains can grow at 4 ºC. 97 strains of them grown well at 10 ºC to 28 ºC. 15 of the 297 97 can grow at 37 ºC belonging to normal temperature microbes, and 82 strains did not grow at 37 298 ºC belonging to psychrotolerant microbes. Rest 14 strains, including 12 streptomyces and 2 299
Nocardia, grown well at 10 ºC to 14 ºC, did not grow at 28 ºC, and belonged to psychrophilic Average % of positive strains 3.0 3.5 2.7 3.7 3.0 4.9 3.5
350
Biosynthetic gene clusters of four kinds of antibiotics 351
Detection results for biosynthetic gene clusters of four kinds of antibiotics of 1036 selected strains 352 are shown in Table 5 . The results indicate that positive rate of actinomycete strains producing each 353 gene from six sampling areas was different each other. 13, 17 and 18 of 180 strains from A area 354 produced PKS I, PKS II and NRPS genes respectively. 8, 11 and 12 of 121 strains from B area 355 produced the three genes respectively. 8, 7 and 5 of 92 strains from C area produced the three 356 genes respectively. 13, 9, and 6 of 138 strains from D area produced the three respectively. 18, 6, 357 11 and 13 of 216 strains from E area produced PKS I, PKS II, NRPS and CYP genes respectively. 358 21, 22, 37 and 27 of 289 strains from F area produced the four genes respectively. These 359 results indicate, actinomycetes from tropical rain forests are more likely to produce antibiotics. In 360 addition, 7.8%, 7.1%, 8.6% and 5.6% of 1036 tested strains produced PKS I, PKS II, NRPS and 361 CYP biosynthetic gene cluster respectively. Actinomycetes contained the biosynthetic gene 362 clusters for a variety of different antibiotics, and remain one of the main sources for the discovery 363 of new drug leads. It is also proved that actinomycetes release antibiotics to maintain the balance 364 of soil ecosystem in nature. 365 366 Total 33 genera of actinomycetes as the purified cultures were isolated and identified from total 370 815 soil samples collected in the southwest of China, 14, 13, 5, 8, 19 and 27 genera were isolated 371 from A, B, C, D, E and F area respectively, and the compositions of actinomycetes are very 372 different each other. Actinomycete diversity in primeval tropical rainforest soil in Xishuangbanna 373 (F Area) is the richest in this study. Secondly Grand Shangri-La (E area) belonging to primeval 374 every-green broadleaf forest, and 19 genera were identified. That of Emei and Qingcheng 375
Mountain belonging to secondary subtropical every-green broadleaf forest, the community of 376 actinomycetes was monotone, and only five genera were isolated. Streptomycetes are common 377 genus for all of areas. Members of Actinomadura, Micromonospora, Mycobacterium, Nocardia, 378
Promicromonospora, and Pseudonocardia were isolated from soil samples of five areas. Twelve 379 genera, Dactylosporangium, Nonomuraea and Rhodococcus were isolated from four areas. 380
Actinoplans, Agrococcus, Catellatospoa, Citricoccus, Friemanniella, Jiangella, Kokuria, 381
Mycetocola, Saccharomonospora, Saccharopolyspora, Tsukamurella and Verrucosispora were 382 isolated only from one area, they were rare actinomycetes in soil (Table 6) . These results indicate that the diversity of actinomycetes is the richest in "primeval environments", 393 especially primeval tropical rainforest soil in Xishuangbanna which has not been destroyed or
